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( Total Quality Management 

What is Total Quality Management? 

Total Quality Management, or TQM, is a way 
of ensuring customer satisfaction through 
involvement of all employees in learning how 
to reliably produce and deliver quality goods 
and services. 

Total Quality Management 

A 

Policy 
Management 
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The goal of TQM is to improve internal and 
external customer satisfaction through total 
quality control. TQM is how we work toward 
that goal. 

The three components that comprise TQM are 
Quality Teams, Policy Management, and 
Quality in Daily Work. The four principles of 
TQM are Customer Satisfaction, Management 
by Fact, Respect for People, and Plan-Do- 
Check-Act (P-D-C-A). 

This guidebook addresses the Quality 
improvement Story and its use by Quality 
Teams. 
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Components of TQM 
1. Qusltty Teams provhie a structured envlmnment 

for employses to work together to: 

- improve the qualfty of products andserv~ces 
* develop and leverage the skills and abililies 01 

employees. 
. promote communtation and teamwork. 
- enhance the QUt3llly of Work llfe 

2. Pa/icy Management targets fhe achfevement 01 
breakthrOugh by ConCentrStlng COmpiWy effOfoRS 
and resources on * few prforfty issues to: 

* increase performance levels. 
. improve communication wtihin the company and 

provide direction for departments 

. attain broad participation in the development and 
attainment of long-term goals, mfd+?rm goals. and 
short-term goals 

3. Ouatlty h Dally Work (OIDW) requires application 
of the Plan-DpCheck-Act (P-D-C-A) phtfosophy IO 
activities neceseefy to meet the needs end 
expectations of customers. The goals arS to: 

. maintain gains achieved through improvement 
projects 

. achieve corwstency in operatlons as well as 
VZSUHS 

* clarify rndiwdual contributions toward achievmg 
customer saiisfaclnon 

. improve daily operations 
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Four Principles of 
Total Quality Management (TQM) 

1. Customer Setisfactfon means satisfying the 
needs and reasonable expectations of the 
customer and mainlaining an attitude that puts 
the needs of the customer lirst. (A telephone 
call from someone who uses one of my 
products - my customer - is not an 
interruption of my work; it is my work.) 

2. Management by Fact (oftm referred fo as 
“speaking with facts’7 means all employees, 
including managers, manage the work they do 
by collecting objective data and making 
decisions based on this mformalion. 

3. Respect for People means that each of us 
needs to listen to and support the capacity of 
all other employees for self-motivation and 
creative thought. 

4. P-D-C-A (Plan-Do-Check-Act) is a work 
philosophy that emphasizes four phases of 
activity: 
k Plan what to do 
* Do it 
* Check what you did 
6 Act to prevent error or improve the process 

6 
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Customer Satisfaction 

What is customer satisfaction? 
Customer satisfaction is the heart of TQM. It 
means meeting the needs and reasonable 
expectations of the customer. 

Externaicustomers are those consumers (end 
users) whose needs and expectations will be 
met by your product or service. To satisfy 
external customers, you must also meet the 
needs of your internalcustomers, those within 
your organization who make enhancements or 
add value to the product or service you 
provide. 

How do we achieve customer satisfaction? 

1. We divide up our work process into inputs, 
activities and outputs. 

2. We identify our “next process customers” 
as those who receive our outputs. 

3. We work with our customers to determine 
what the valid requirements are for our 
process outputs. 
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4. On the basis of the valid requirements, we 
develop quality indicators through which we 
can monitor our performance in an on- 
going way. 

5. We take corrective action when necessary 
to satisfy customer needs. 
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Customer Satisfaction Philosophy 

I. We are in a long-term relationship with 
our customers. 

2. We must help our customers identify 
and satisfy their needs and wants. 

3. We must realize that these needs and 
wants will change and evolve. 

4. We must keep the lines of 
communication open between 
suppliers and customers. 

9 
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Valid Requirements 

What are valid requirements? 

Valid requirements are standards of quality 
work agreed upon by customers and 
suppliers. Valid requirements must: 
. be current, realistic, and measurable. 
. meet customer needs and reasonable 

expectations. 
l meet corporate responsibilities. 
Valid requirements are usually simple state- 
ments of how a product should be (including 
measurement) to meet the customer’s needs. 
(For example, a form legibly filled out and 
submitted with signature within five days of 
completion of the job.) 

Why are valid requirements useful? 

We use valid requirements to satisfy the 
needs and reasonable expectations of our 
customers. 

10 
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How are valid requirements apptied? 

In the ideal case, we open a clear channel of 
communication and negotiate the valid 
requirements with our customers. We start by 
asking them about their wants and desires; 
through questioning and consensus, we 
narrow the focus to those requirements that 
they need and can reasonably expeCt. Once 
established, the valid requirements serve as 
both a goal and a guideline for producing 
quality products. 

When are valid requirements used? 

We can use them to guide us in establishing 
or improvrng our work processes in general; 
we also use them in steps 1, 2, and 4 of the 
Ql story 

11 
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Management by Fact means managing by 
using data. In this manner, we can make the 
best possible decisions in deliyering quality 
products and services to our customers. 

What is data? 
Webster defines data as “facts or figures from 
which conclusions can be drawn; a basis for 
reasoning, discussion or calculation.” Infor- 
mation collected about a prod& service, 
process, person, or machine is called data. 
Data (facts), when properly organized and 
analyzed, provide useful information and 
serve as the basis of decision making and 

Data can be subjective (based on experience, 
intuition, gut feel, opinion or observation) or 
objective (based on verifiable external 
events). Data can be represented in either 
words, pictures (graphs), or numbers. In our 
search for objective data, numbers become 

12 
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very important. There are two broad cate- 
gories of numerical data: attribute and 
variables. Understanding the categories and 
their differences helps us to use each 
efi ectively. 
. Attribute da describe a particular charac- 

teristic being measured. These data 
depend on counting occurrences that have 
certain characteristics, and they represent 
conformity or nonconformity with some 
quality characteristic. Attribute data are 
based on counts of the number of t imes a 
particular event is observed (for example, 
classes/categories of products, items, or 
services; number of defects; proportion of 
nonconforming items). 

* Variables dz& are continuous data that 
show degrees of variation when measuring 
a characteristic of a product, service, or 
process and computing a numerical value 
from two or more measurements of data. 
A quality characteristic, such as diameter, 
age, weight, or lifetime of a product is 
actually measured. 

13 
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When it is important not only to identify and 
rank items, but also to precisely measure 
the distribution (the distance or interval 
between them), we must collect variables 
data. If attribute data are black or white, 
then variables data are concerned with 
measuring the shades of gray. Not only do 
we identify our data by category, but we 
measure distance, pounds, feet, rate of 
disabling accidents, etc. 

Graphically, data types look like this: 

14 
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Why are data collected? 

Collect data to: 
. quantify the present situation (baseline) as 

well as future changes to be able to 
compare the two. 

. identify improvement opportunities. 
* analyze root causes and select 

countermeasures. 
l track a process and/or a countermeasure. 
. explain a problem/opportunity clearly to 

others. 
. “speak with facts.” 

How are data collected? 

Data are collected through the use of 
standardized forms called Checksheets. The 
data are collected in suflicient detail so they 
can be stratified, thus breaking down the total 
area of concern into smaller related functions 
or items. Generally, data should be collected 
at the smallest grouping practical; that data 
should include variables data when available. 
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When you plan for data collection: 

l identify what you want to know 

l select the proper data collection technique. 

l plan how the data will be processed and 
analyzed. 

l collect only needed data. 

9 get the right data for the problem. 

- measure things as accurately as possible, 
given reasonable time and cost constraint. 

When are data collected? 

Data are collected only after planning and only 
when needed. In general, steps 2,3, and 4 of 
the QI Story re uire attention to data gather- 

%  ing to verify pro lems, causes, and counter- 
measures through facts. 

16 
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( Quality Indicators 

What are quality indicators? 

Quality indicators are measures of how well 
we are meeting our customers’ needs and 
reasonable expectations. Put another way, 
indicators are measurements of the degree 
and/or frequency of conformance to valid 
requirements. Above 80 percent conform- 
ance, we should focus on non-conformance to 
aid our improvement efforts. 

Examples of quatity indicators: 

0 Number of forms submitted late 

0 Number of billing errors per month 

0 Heat rate per unit in a power plant 

0 Number of phone calls lost 

17 
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Why are quality indicators useful? 
Quality indicators help us measure the gap 
between what is and what should be - 
present performance versus customers’ valid 
requirements. They allow us to meet measur- 
able criteria of valid requirements. 

How are quality indicators applied? 

They are used to establish the current status 
(a baseline) and to track the number and/or 
percentage of errors, changes, or improve- 
ments. 

When are quality indicators used? 

They are used in steps 1,2, and 5 of the al 
Story as we identify our theme or problem 
area and as we measure results. 

18 
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What are targets? 

A goal is a desired state or standard tracked 
through an indicator. A target is a milestone 
toward the accomplishment of that desired 
goal. Examples of indicators for which targets 
would be set: 

0 Number 01 minutes per outage (goal: 
reduced/no outages) 

0 Number of days to process a payment 
(goal: timely payment) 

0 Number of meters read per day (goal: 
fixed number read per day) 

Targets are set to give the team milestones to 
measure the effectiveness of performance 
and to see if countermeasures are successful 
in addressing the problem. 

When are targets set? 

Targets may be set in steps 1 and 2 of the QI 
Story, after a performance indicator is 
identified. 

19 
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How are targets set? 

Targets should be set to be challenging, but 
achievable, during a reasonable period of 
time. They should be based an logic. An 
ultimate goal may be needed, but interim 
targets can be set as milestones towards its 
accomplishment. In setting targets: 

1. First, consider the needs and reasonable 
expectations of the customer. This may 
also help to restructure an indicator. 

2. Second, consider the performance of 
similar operations or competitors. 

3. Third, your own past performance can be 
used to set a target. If, at one time, your 
performance was significantly better, you 
may want to set that as a target and 
discover what has changed in the operation 
to make your performance worse. 

4. Fourth, set a target by analyzing processes 
to determine if waste is present. 

20 



QI story 
TOM OvervIew 

Respect for People 

Respect for People is one of the most 
important principles of TQM. It means 
respecting each person’s ability for creative 
thought and his or her capacity for self 
motivation. But these words will be 
meaningless unless each one of US practices 
this principle through our daily interactions 
with co-workers. 

Rules of Conduct 

. Respect each person 

- Share responsibility 

l Criticize only ideas, not people 

l Keep an open mind 

l Question and participate 

l Attend all meetings 

* Listen constructively 

21 
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1 Plan-Do-Check-Act (P-D-C-A) 1 

What is P-D-C-A? 

P-D-C-A stands for “Plan-Do-Check-Act.” the 
concept that underlies the QI Story. This 
cycle is based upon the simple premise that to 
achieve continuous improvement you must 
plan for it. do (implement) it. check and 
anatyze the results, and act for improvement. 
The cycle (illustrated below) implies an on- 
going improvement over every current 
situation. 
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What Is the QI Story? 

The quality improvement problem-solving 
process is a systematic, data-based approach 
to problem solving. The QI Story is a 
structure to help illustrate the steps to be 
taken by a team in the improvement process. 
It provides a standard way of communicating 
team progress, The vehicle used to document 
this process is known as a “storyboard,” 
which is essentially a structure allowing a 
team to display its work in a standardized 
fashion. (The QI Story is illustrated on 
page 27.) 

Why is the Ql Story useful? 

. It helps the team organize, collect. and 
analyze information and monitor how it is 
doing. 

. It helps the team stay on track 

. It encourages the team to obtain and 
communicate information to non-team 
members. 
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How is the QI Story used? 

The QI Story serves as a guide at every stage 
of the team’s activity and every step of the 
improvement process. It guides the team 
through planning, doing, and checking. When 
followed step by step, it provides both the 
team and others with a clear picture of the 
logical process used for improvement. Each 
step is described in this booklet. 

26 
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.______ 
Ster, One: Reason for Improvement I 

Objective 
Identity a theme (problem area) and the reason 
for working on it. 

Key Activities 
* Research for themes: 

- Review departmental indicators. 
- Survey internal/external customers. 

. - Identify what the t&am already knows 
(brainstorm). 

- Interview individuals from the work area. 
l Consider customer needs to help select the 

theme. 
* Set indicator to track the theme. 
l Show how much improvement is needed using 

data. 
k Show impact ot the theme. 
* Schedule the QI Story activities. 
l Describe the procedure used in the problem 

area. 
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Helpful Tools/Techniques 

- Graph 
. Control Chart 
- Process Flowchart 
l Control System 

Examples: 

Graph Flowchart 
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Step Two: Current Situation 

Objective 

Select a problem and set a target for 
improvement. 

Activities 

l Collect data on all aspects of the theme. 

l Stratify the theme trom various viewpoints. 

l Select a problem trom the stratification 01 
the theme. 

l ldentify the customer’s valid requirements. 

l Write a clear problem statement. 

l Utilize the data to establish the target. 

30 



Helpful Toolsfiechniques 

l Checksheet 

. Histogram 

l Pareto Chart 

l Control Chart 

. Graph 

Examples: 

Pareto Chart Graph 

Good 
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Step Three: Analysis 

Objective 

Identify and verify the root causes of the 
problem. 

Key Activities 

. Perform Cause-and-Eflect Analysis on the 
problem. 

. Continue analysis to the level of acfionable 
root causes. 

. Select the root causes with probable 
greatest impact. 

l Verify the selected root causes with data. 

32 
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Helpful ToolslTechrWeS 

Cause-and-Effect Analysis 

lshikawa (Fishbone) Diagram 

Checksheet 

Pareto Chart 

Histogram 

Graph 

Scatter Diagram 

Examples: 
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Step Four: Countermeasures 

Objective 
Plan and implement countermeasures that will 
correct the root causes of the problem. 

Key Activities 
. Develop and evatuate potential 

countermeasures which: 
- Attack verified root causes. 
- Meet customer’s valid requirements. 
- Prove to be cost beneficial. 

. Develop an action plan that: 
- Answers who, what, when, where and 

how. 
- Reflects the barriers and aids needed 

for success. 

. Obtain cooperation and approvals. 

* Implement countermeasures. 
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Helpful Toolsmechniques 

- Cost Estimation 

l Countermeasures Matrix 

l Barriers and Aids 

l Action Plan 

Examples: 

35 



al story 

pep 5: ResulGj 

Objective 

Confirm that the problem and its root causes 
have been decreased and the target for 
improvement has been met. 

Key Activities 

. Confirm the effects of the countermea- 
sures, checking to see if the root causes 
have been reduced. 

l Compare the problem before and after, 
using the same quality indicator. 

* Compare the results to the target. 
. Implement additional countermeasures. if 

results are not satisfactory. 
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Helpful Toolsfrechniques 

l Histogram 

l Pareto Chart 

- Control Chart 

l Graph 

Examples: 

Pareto mart 
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/Six: Standardization 

Objective 

Prevent the problem and  its root causes from 
recurring. 

Key Activities 

l Assure that countermeasures become part 
of daily work. 

- Create/revise the work process. 
- Create/revise standards 

l Train employees on  the revised process 
and/or standards and  explain the need  or 
purpose.  

l Establish periodic checks with assigned 
responsibil it ies to monitor countermea- 
sures. 

. Consider areas for replication. 
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Helpful Toots/Techniques 

Control System 

Control Chart 

Graph 
Procedures/Standards 

Process Flowcharts 

Training 

Examples: 
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f Ster, Seven: Future Plans 1 

Objective 

Plan what to do about any remaining 
problems and evaluate the team’s 
effectiveness. 

Key Activities 

. Analyze and evaluate any remaining 
problems. 

l Plan further actions if necessary. 

l Review lessons learned related to problem- 
solving skills, group dynamics, and team 
effectiveness. 
- What was done well? 
- What could be improved? 
- What could be done differently’? 

40 
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Helpful Too@fl chniques 

l Action pla 
l P-D-C-A 

Examples: 

ActIon Plan 

41 
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What is brainstorming? 

Brainstorming is a technique used by a group 
to quickly generate, clarify and evaluate a 
sizable list of ideas, probfems, issues, etc. 
The phases of brainstorming (generating, 
clarifying, and evaluating) must be done one 
at a time. Emphasis is on quantify of ideas, 
not quality. Brainstorming is an excellent 
technique for tapping the creative thinking of a 
team. 

How Is brainstorming done? 
Generation phase (first phase): 
l The team leader states the topic to be 

brainstormed in specific, precise terms and 
makes it visible on a Ripchart. 

l A recorder is selected to capture ideas on a 
flipchart. 

l The generation phase begins, and each 
team member takes a turn, continuing the 
brainstorming until all ideas have been 
exhausted. 

47 
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Clarification phase (second phase): 

l The team goes over the brainstorming list 
to make sure everyone understands all of 
the items and to eliminate duplication. 

- Don’t discuss ideas; criticism and discus- 
sion will take place during the evaluation 
stage and in multivoting. 

Evaluation phase (third phase): 

- The team reviews the list to eliminate 
irrelevancies or issues that are off limits. 
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Rules of Brainstorming 

Clearly state purpose of the 
brainstorming. 

Take a turn, in sequence, around 
the entire group. 

Present one thought at a time. 

Do not criticize or discuss any idea. 

Pass as necessary. 

Build on ideas of others. 

Record ideas where visible for 
group. 

49 
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When is brainstorming used? 

Brainstorming is used as a data-gathering 
technique to: 

l collect improvement opportunities and/or 
problem areas (themes). 

l identify possible causes when constructing 
an Ishikawa, or Fishbone Diagram (Cause- 
and-Effect Analysis). 

9 suggest possible countermeasures. 

l identify barriers or aids. 
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/ Multivoting 1 

What is multivoting? 

The multivoting technique is a structured 
series of votes used by a team to help reduce 
a large number of items to a manageable few 
(usually three to five). 

Why is multivoting useful? 

Multivotlng helps to accomplish “list reduction” 
quickly and with a high degree of group 
agreement. This technique tends to eliminate 
individuals’ close identification with items. 

How is multivoting done? 

1. First vote - Each person votes for as many 
items as desired, but only once per item. 
The team then agrees on the number of 
votes that establishes whether an item 
should remain on the list. A guideline to 
follow is to circle the items receiving a 
relatively higher number of votes than the 
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other items. (Example: A team of eight 
members generates a list of fourteen items 
after round one. The team’decides items 
receiving six or more voteqare circled. In 
this example, the team circles eight items.) 

2. Second vote - Each person gets to vote a 
number of t imes equal to half the circted 
items. (Example continued: If eight items 
receive six or more votes, then each 
person gets to vote four times during the 
second vote.) 

3. Continue multivoting until the list is reduced 
to three to five items, which can then be 
further analyzed. Never mulfivofe down to 
only one item! 

When is multivoting used? 

Multivoting can be used after a team dis- 
cusses the various items on a brainstorm list 
that is too lengthy for everything to be 
addressed. Multivoting is often used to 
narrow a list of themes to three to five. 
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Theme Selection Matrix 

What Is the Theme Selection YatrlX? 

The Theme Selection Matrix is a tool that 
helps the team quickly select a theme on 
which to begin gathering data. Using its 
judgment, the team should select a theme 
which shows a need for improvement. A 
Theme Selection Matrix appears on the 
following page. 

Why is the Theme Selection Matrix useful? 

The matrix allows the team to rank its themes 
by considering the impact on the customer 
and the need to improve. Thus, the team is 
able to focus its energies on improvements 
which are customer oriented. The matrix also 
helps the team achieve ownership and clarity 
in the selection of its theme. 

When is the Theme Selection Matrix used? 

The matrix is used after the team has reduced 
its list of themes to three to five items through 
multivoting. The list is then placed in the 
matrix and the team works to complete the 
remaining categories. 
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( Checklist 1 

What is a Checklist? 

A Checklist is simply a list of the items to be 
attended to or steps to be taken. In data 
gathering it is an inventory of the information 
needed so that you can check your progress 
in gathering data and be sure the data is 
complete. 

Why is the Checklist useful? 

A Checklist provides for a common and 
organized way of proceeding. It ensures 
completeness and makes it easier for those 
involved in gathering data. Checklists can be 
as simple as the shopping list you prepare 
before heading to the grocery store or as 
complicated as the one used by airline pilots 
as they prepare for takeoff. Your team should 
strive for simplicity, clarity, objectivity, and 
completeness when designing a Checklist of 
items for its own use. 
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How is a Checklist used? 

When making a Checklist, the team should 
think about the information it needs and the 
order in which it should be collected. Some- 
times a technique like brainstorming will help 
generate a good list. Careful planning of the 
Checklist at this stage will eliminate the need 
to backtrack to fill in what might otherwise be 
missed. 

When is a Checklist used? 

A Checklist is used whenever the team wants 
to assure that things are done in an organized 
and thorough way. It may also be used to 
verify conformance to a set of standards or 
procedures. A sample Checklist appears on 
the next page. 
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Conduct A  Fuel Check (Cessna 172) 

Chackllsl C ompleled 

Check fuel sampler lor deanliness 
Plug fuel samphr into luel sampling valve on kfl 
wing tank. 
Draw luelhvaler and other conlammanis lrom fuel 
lank. (H may require more than one sample). 
Once mntammants are drawn out of fuel tank, 
chedc tuel color (100 Dane aviation fuel should 
be IQht t&e with no presence of waler or other 
Contaminants; a pxd liihl sours such a% 
sunffgM or bright flashlghl is mandatory.~ 

i. Repeatsteps 2-4 for Ihe rlghl wing Rank. 
i. Open engme mwling aaess door and pull 

carburetor fuel drain valve c&ml to open. 
‘. Drajn lor 3 10 5 seconds on the ramp. 
1. Check lor the presence of water in drained fuel 

(A good light source such as sunlight or brpht 
flashlight IS mandatory.) 

I If water is ptesent, drain carburetor until no eater 
appears. 

IO. Check fuel level by removing fuel tank cap On top 
of rIghI wing and visualb checking fuel level (A 
gcod light source such as sunlight or bright 
tlashfighf is mandatory.) No matcheslltghters, 
@t?PEel 

11 Check fuel Level by removing tuel tank cap on top 
01 fall Wang and visualb checking fuel level (a 
good light source such as sunlight or bright 
llashlight is mandatory.) No matche!Ullghters, 
pklSS! 

i 
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/ Checksheet 1 

What Is a Checksheet? 

A  Checksheet is a form on which data can be 
recorded in uniform manher. An example of a 
simple Checksheet is shown on the following 
page. Other more complex Checksheels include 
expense account forms, multiple entry ledgers, 
and payroll check attachments. 

Why is a Checksheet useful? 

A  Checksheet enables us lo record a variety of 
data in a systematic fashion. If the categories are 
complete, especially if they include Ihe source, 
this tool can give us a clear and objective picture 
of the facts. 

How is a Checksheel done? 

We make a Checksheet by laying out the 
categories of information and data we wish to 
gather about the items on the checklist onto a 
standardized form or grid. We determine the 
categories by asking such fact-finding questions 
as: 

- What (what happens)? 

* Who (who does it, who receives it, who is 
responsible)? 
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9 Where (what place, what part, what 
section)? 

l When (what time of day, month, how 
often)? 

l How (how does it happen, how much, how 
long, etc.)? 

To obtain categories for the Checksheet, use 
all the journalistic questions except “‘why?” 
Asking “why?” will lead us into a search for 
causes when we are still trying to determine 
whether a problem exists and, if so, what it 
looks like. 

The Checksheet should be designed to facili- 
tate the collection of as many different kinds of 
data as would be useful. The team can brain- 
storm items and then multivote to refine the 
list. It is also helpful to gather a little data prior 
to setting up the Checksheet. You may iden- 
tify the categories from this smaller sample. 

The Checksheet should also clearly indicate 
who collected the data and where, when, and 
how it was collected. In a sample, the total 
population from which the data was gathered 
should also be indicated. 
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When is a Checkshaet used? 

The Checksheet as shown below, is used 
whenever the team needs to collect data to 
help identify and quantify problems and im- 
provement opportunities (themes), especially 
in steps 1,2,3 and 4 of the QI Story. The use 
of both Checklists and Checksheets will mini- 
mize the risk of errors and facilitate the orga- 
nized collection and analysis of data. 
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What Is stratification? 
Stratification is the breaking down of the 
whole (total area of concern) into smaller, 
related subgroups. For example: oranges 
into navel, temple and mandarin: mareria/ 
sources into vendor, batch, lots; Divisions into 
Eastern, Northeastern. Southern, Southeast- 
ern, and Western. 

Why is stratification useful? 
Stratification of information specifies the data 
and enables the team to do a more precise 
analysis of it. It is also a useful tool to verify 
root cause. 

How is stratification done? 
1. Review the whole to determine smaller, 

natural groups made up of relatively similar 
units. 

2. Collect data relative to those smaller 
groups, rather than the entire area of con- 
cern, as a single entity. 

3. Analyze data based on those smaller 
groups. 
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When is stratification used? 

Stratification is used in the 01 Story when: 

0 Creating a Checklist 

0 Designing a Checksheet 

0 Selecting a sample 

0 Verilying root causes 

0 Using the following tools: 

l Histogram 

l Pareto Chart 

- Scatter Diagram 

- lshikawa (Fishbone) Diagram 
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A vital part of the Qt Story is the utilization of 
statistical quality control 1001s. 

What are the Seven Basic QC ToOIS? 

The seven basic QC (Quality Control) tools 
are common analytical methods used to solve 
problems. They are: Checksheet, Graph, 
Pareto Chart, lshikawa (Fishbone) Diagram. 
Histogram, Scatter Diagram and Control 
Chart. 

Why are the Seven Basic QC Tools useful? 

The major use of QC tools is to provide 
objectivity and clarity in the way we do our 
work. They help separate opinions from data- 
based logic, thereby allowing us to “speak 
with facts.” 

Eighty percent of all problems can be solved 
using just three of these seven basic QC 
tools: Checksheet, Pareto Chart, and 
lshikawa (Fishbone) Diagram. 

Ninety-five percent of all problems can be 
solved using the seven basic QC tools. 
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How are the Seven Basic QC Tools used? 

QC tools can be used by everyone. We are 
“speaking with facts” when we: 

l know what the work process involves: its 
inputs, activities and outputs. 

l track the facts about this process and keep 
records which can be compared to discover 
how well we are doing and/or where we 
need to change or improve. 

- gradually learn ways of analyzing what the 
data can tell us (simple statistical analysis 
techniques). 

When are the Seven Basic QC Tools used? 

The tools can be used by individuals or teams 
to examine and improve both work process 
and outcomes. The use of QC tools is par- 
ticularly necessary for quality teams since 
they provide a common means of communica- 
tion and decision making. 
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What is a Pareto Chart? 
Pareto analysis is a way of organizing data to 
show what major factor(s) make up the 
subject being analyzed. It is a search for 
significance. 
A Pareto Chart is a type of chart in which the 
bars are arranged, in descending order, from 
tlie left. The basis fhr Pareto analysis is the 
“80-20” rule; 80 percent of the problems result 
from 20 percent of the causes. 

Why is 8 Pareto Chart useful? 
Arranging data on a Pareto Chart helps to 
highlight “the vital few” in contrast to ‘Yhe trivial 
many.” Selecting categories, tabulating data, 
ordering data, and constructing the Pareto 
Chart can enhance communication among 
team members and with management. It 
allows the team to select the component of 
the problem which will produce the greatest 
results. 
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Pareto Charl of Flsh Stories 
“Why the Big 0I8 GUI Away” 

50% 

25% 

0 
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How is a Pareto Chart done? 
1. Identify what data is to be analyzed (such 

as defects). 
2. Select the categories to be used (defects 

by shift, locatioy, type) and sort the data 
into the categories; for instance, how many 
defects related to shift, to location, and to 
type. 

3. If possible, further stratif the data; for 
instance, “shift” may be i: roken down into 
“day,” “night,” and “graveyard.” 

4. Make a graph with the bars ordered in 
decreasing frequency from the left. 
Verify: 
l Bars touching 
l Left axis for actual data 
l Right axis for percent ot total 
= Cumulative line from zero 

5. Check graph for the Pareto pattern; a “flat” 
Pareto - categories with similar 
percentages - indicates the need for 
different stratification of the data. 

6. Avoid mixing dissimilar categories of 
problems on a Pareto Chart. 
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1. 

2. 

3. 

4. 5. 5. 
6. 6. 
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When is Pareto Analysis used? 

Pareto analysis can be used to identify major 
factors in a subject being analyzed and to help 
prioritize and select countermeasures. It is a 
useful way of identifying problems in Current 
Situation step. It can atso be useful in the 
Analysis and Results steps. 

70 



QI story 
QI Tools and Technlqws 

1 Problem Statement 1 

A good problem statement describes in spe- 
cific, concrete terms what the data has 
revealed. It describes the present undesirable 
situation while avoiding “hidden” solutions. 

Criteria for a good problem statement: 

l It states the effect. It states “what” is 
wrong, not why it is wrong, and avoids 
“lack of” statements. These always imply 
solutions. 

l It focuses on the gap between what is 
and what shoutd be. The gap may be a 
change or deviation from the norm, 
standard, or the customer’s expectation. 

l It is measurable. It says how often, how 
much, when. 

l It is specific. It avoids broad and ambigu- 
ous categories like “morale,” “productivity,” 
“communication,” and “training.” 
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The Problem Statement Matrix 

The Problem Statement Matrix shown on the 
next page can be used to evaluate problem 
statements, This matrix should be used after 
the team has developed its problem state- 
ment. 

Problem statements do not need to meet ail 
six categories. But, obviously, the more cat- 
egories each potential problem statement 
meets, the clearer it is likely to be. 
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Cause-and-Effect Analysis 
(Ishikawa or Fishbone Diagram) I 

What is the lshikawa Diagram? 

The main purpose of Cause-and-Effect 
Analysis is to help the team solve its problem 
by the identification of a root cause(s) so that 
corrective action can be taken. 

Cause-and-Effect Analysis is a picture 
composed of lines and words designed to 
represent a meaningful retationship between 
an effect and its causes. The specific tool that 
we will focus on is called the lshikawa or 
Fishbone Diagram. 

Why is the lshikawa Diagram useful? 

This tool helps teams reach a common under- 
standing of problems and exposes gaps in 
existing knowledge. 
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How is the lshikawa Diagram done7 

1. Draw the Fishbone Diagram. Start at the 
right, building the major categories (bones) 
toward the left. 

2. Write the problem statement in the head 
(box) of the Fishbone. (Only the portion 
concerning the effect of the problem 
statement is necessary. This was identified 
in Step 2 through stratification.) 

3. Determine the major categories of the 
Fishbone which relate to the effect. There 
are four ways to determine these catego- 
ries: 

a. First, you can review the “generic” 
categories of: 

Methods 
Machine 
Material 
Environment 
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Match them, if possible, with major con- 
tributors to the problem. For example. a 
team of delivery drivers is working on a 
problem that pertains to their functional 
area: 

Generic Cateaories Maior Contributors 

People Drivers 
Methods Delivery Process 
Machine Truck 
Material Shipments 
Environment Delivery Route 

The team used drivers, delivery process, 
truck shipments, and delivery route as 
the major bones of its Fishbone. 

b. Second, if you are working with a pro- 
cess, you can break down the process 
into its major activities by creating a 
flowchart. Then assign each activity as 
a major bone. (Refer to Fishbone on 
page 81.) 
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c. Third, the team can brainstorm possible 
causes of the problem. When brain- 
storming, it is often helpful to review in 
detail at least one instance of the 
problem you will analyze. Be sure you 
understand how it occurred and what 
the situation was when it occurred. 

After the list is generated, segment the 
ideas into major categories. Name the 
categories and use as major bones. 

d. Fourth, a Pareto Chat-l can be used to 
break down the effect into component 
parts, if the necessary data is available. 
These parts can then be used as major 
bones. 
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4. Prioritize the major categories in descend- 
ing order, beginning with the category that 
has the highest likelihood of producing a 
potential root cause. For example: 

In the Fishbone with four major categories 
or bones (shown above), the prioritization 
order would be A, C, B, D. Therefore, A is 
the major bone aligned most closely to the 
head of the fish, followed by C, B, and D. 

This prioritization is especially useful later 
when the Fishbone is reviewed. If a 
reviewer can trace the logic flow in the 
construction of the Fishbone, then he or 
she can follow the team’s thinking and offer 
better diagnostic advice to the team. 
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5. Once the Fishbone is set up with major 
categories, begin with the major category 
the team has identified as most likely to 
produce the actionable root cause (the 
category aligned most closely to the head 
of the fish) and begin to ask “why?” 

- Why does this occur? 
- Why does this condition exist? 

Be sure to walk through the logic of your 
diagram in both directions, as shown below 
(This al is caused by this a2 which is 
caused by this a3. Then, in reverse, a3 
caused a2, which caused al .) Often illogic 
will not surface untit the second direction is 
tried. This completes one logic chain. 
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Now revisit each sub-bone for additional 
causes; specifically, move back to a2 and 
ask again, “Why does a2 occur?” Next, 
ask again “Why does al occur?” and con- 
tinue this process of asking “why?” back to 
the major bone (Process Step 1). 

6. Complete the entire Fishbone before mov- 
ing to Step 7. 

7. Identify the likely, actionable root cause(s) 
and circle (or cloud) the last element in the 
chain. 

8. Verify, with data, the most likely root cause. 
Teams should collect data to verify that 
these are indeed the root causes of the 
“effect.” 

If a potential cause seems to have many 
complicated subcauses, break into a sepa- 
rate diagram. 
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Here is an example 01 a Fishbone con- 
structed by a QI team: 

Flshbone - Late Deliveries 

In the above example, begin the question- 
ing: WI?~ do drivers cause late delivef- 
ies 7’ Proceed on this logic chain until it is 
no longer actionable or logical. After the 
chain is exhausted, retrace the logic from 
cause to effect. If the logic pattern is valid 
from both etiect to cause and cause to 
effecf, leave it on the Fishbone. If it is not 
logical, rework or remove it. 
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After completing one logic chain. move up 
to the next level and ask “why?” again. In 
the previous example, the team had to stop 
at “Ship orders not received” because it 
was out of their control. 

The next area for consideration should be 
- Is there another cause for “shipping lead 
time inadequate” about which the team 
could ask “why?” If there is, continue ask- 
ing “why?” If there is not, go up to the next 
level. Continue to work the Fishbone in 
this process until all major categories are 
questioned. 

Atter completing the Fishbone, the team 
assesses which areas might be worth fur- 
ther examination as potential root cause(s). 
Once these areas (usually two or three) are 
identified, data is collected to verify that the 
area(s) investigated are, in fact, the root 
cause(s) of the “effect.” 

84 



a story 
al TOOIS and Technkws 

Countermeasures (Solutions) 1 

Sometimes those who have been  involved in 
quality improvement talk as  though the 
solution “falls out automatically” at the end  of 
the process. On  occasion only one  solution is 
possible (build or not to build, buy  or not to 
buy), but this is rare. 
Ordinarily, as  much care should be  taken in 
choosing a  solution, or countermeasure,  as  at 
any  other stage of the process. The  team 
dhould work from its database;  should 
research options; should be  as creative as the 
issue wilt allow; and  certainly should be  
diligent in the pursuit of not just an  adequate  
answer,  but the “right” answer.  
Some possible solutions, or countermeasures,  
will be  obvious, but brainstorming, interview- 

ing, and management suggestion are also 

good  sources of possible solutions. Once  the 
most likely have been  chosen,  they be  should 
investigated. What  will they involve, how 
many people,  manhours,  money,  time, etc.? 
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A principaf tool at this point is the 
Countermeasures Mafrix. Atter the team has 
selected the appropriate countermeasures, it 
will develop an Action P/an to implement 
these countermeasures. The term 
“countermeasure” is appropriate, because at 
this point, we are not sure that the action to be 
taken is really a solution. Only after the 
results are obtained and tracked over time, 
can we be sure of a “solution.” 

What is the Countermeasures Matrix? 

It is a matrix of factors to help the team show 
the relationship between effect, root causes, 
and countermeasures. It also helps the team 
to evaluate which countermeasures should be 
implemented. 
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Why is the Countermeasures Matrix 

useful? 

We use it to assure that the countermeasures 
address the significant root causes. 

The Countermeasures Matrix guides the team 
in identifying alternative countermeasures and 
determining the effectiveness and feasibility’ 
of its countermeasures. Other prioritization 
matrices may be used to evaluate counter- 
measures, but the example on the next page 
is one which can be used easily by most 
teams. 

* Effectiveness and feasibility may be broken down 
into several components if the team feels the need. 
Feasibility may be broken down into cost and time. 
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How is the 

1. After verifying 
the first two 
filled in. 

2. Next, the 
countermeasures 
the root causes. 

3. In the “practical 
task(s) is 
countermeasure. 

4. The team 
measures 
feasibility. 
countermeasures 
and more 

5. The ratings 
countermeasures 
tion according 
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6. To determine how many of the counter- 
measures should be implemented, the 
team will need to consider its resources 
and its target for improvement. Sufficient 
countermeasures need to be implemented 
to achieve the target. 

7. The team will indicate if the counter- 
measure will be implemented by writing 
either “yes” or “no” in the action column. 

When is the Countermeasures Matrix 
used? 

The Countermeasures Matrix is used after the 
team has identified those countermeasures 
which address the significant root cause(s). 
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1 Cost/Benefit Analysis 1 

What is Cost/Benefit Analysis? 

Cost/Benefit Analysis, or Cost Estimation, is a 
technique for determining the dollar impact of 
problems and countermeasures. There are 
two approaches to estimating costs: the 
“bottom-up approach” and the “top-down 
approach.” It is not necessary to have precise 
and detailed accounting data to get a general 
idea of the financial impact of a problem or 
issue; ypu need to make some assumptions 
and verify them as you gather data. 

Why is Cost/Benefit Analysis useful? 

It is useful as a tool for determining the dollar 
impact of problems and countermeasures. 
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How is Cost/Benefit Analysis done? 

Bottom-up approach - Start with smaller 
units and build the estimate toward an overall 
amount. 

I. Estimate how many times the problem 
occurs per unit of time. (Example: I2 
uniforms/week) 

2. Estimate cost per occurrence (Example: 
$S/cleaning) 

3. Estimate total t ime involved. (Example: 52 
weeks) 

4. Calculate total/annual cost by multiplying 
above factors. (Example: 12 x $3 x 52 = 
$1872) 
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Top-down approach - Start with overall cost 
of some budget item or other known variable 
and an estimate of the percentage of that total 
which represents the problem and calculate 
unit cost. 

1. Estimate the percent of some expenditure 
on the problem area (percent of total labor 
devoted to problem, percent of total “down- 
time” attributed to the problem). 

2. Multiply the percentage by the budgeted 
annual cost to get the estimated amount 
spent on the problem in one year. 
(Example: 10% x $185,00O/year budgeted 
= $18,50O/year.) 

3. Divide by unit of time. (Example: $18.500/ 
year + 52 weeks/year = approx. $355/ 
week.) 

When is Cost/Benefit Analysis used? 

Since it may aid in prioritizing and selecting 
countermeasures, data gathered using Cost/ 
Benefit Analysis can be used to construct a 
Pareto Chart. It is used as the raw data in 
many decision-making processes. 
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Barriers and Aids Analysis 

What Is Barriers and Aids Analysis? 

Barriers and aids is a technique for pinpointing 
and analyzing elements which resist change 
(barriers) or push for change (aids). This 
technique helps a team to meet its objectives 
by planning to overcome barriers and to make 
the maximum use of available aids. 

Consider the following categories when doing 
3arriers and Aids Analysis: 

- People 
- Environment 
- Hardware or equipment 
- Dollars 

Why is Barriers and Aids Analysis useful? 

Barriers and aids helps teams to carefully 
analyze a situation when they are planning for 
change. Once barriers and aids are identified, 
the team can make plans to use the available 
aids and/or to overcome the barriers which 
can prevent implementation of a solution. 
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How Is Barriers and Aids Analysis done? 
1, Identify the countermeasure, task, change 

or concern. 
2. Identify (through brainstorming) and list 

possible barriers. 

3. Identify and list likely aids. 

4. Rank all listed items as high, medium, or 
low. 

5. Match aids which balance or overcome 
barriers. 

6. List matching Bs & As on a chart. 

7. List non-matching Bs & As and brainstorm 
any offsetting factors. 

(It is not necessary to come up with an aid 
for every barrier.) 

8. Identify items needing team action using 
your rankings (high, medium, low). 

9. Develop an Action Plan. 
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When is Barriers and Aids Analysis used? 

When a team has identified the most 
appropriate countermeasures, it can use 
Barriers and Aids Analysis to assist in 
planning the trial implementation. The 
Barriers and Aids Analysis should be a part of 
the team’s Action Plan. 
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What is an Action Plan? 

The team’s Action Plan is a technique that 
catalogues all the things that must be done to 
ensure a smooth and objective trial of the 
solution or improvement. Although the Action 
Plan may have different formats, it should 
answer: 
l Who 
l What 
l -When 
l Where 
l How 

The Action Plan should also consider the 
barriers and aids necessary for success. An 
example of an Action Plan form is shown on 
page 100. 

Why is an Action Plan useful? 

A plan allows us to explain our ideas to 
management and peers and to ensure an 
organized, objective implementation of the 
selected countermeasures. 
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How is an Action Plan done? 

I. Analyze the proposed improvement or 
solution and then break it down into SkpS. 

2. Consider the hardware and numbers of 
people involved at each step. 

3. Brainstorm, if necessary, lor other items of 
possible significance. 

4. Add to the list until the team feels the list is 
complete. 

When is an Action Plan used? 

We develop an Action Plan as part of step 4, 
Countermeasures. The plan will be one of the 
items that helps the team obtain cooperation 
and approvals and effectively implement its 
countermeasures. 
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[ Graphs: Pie, Line, Bar 1 

What are Graphs? 

Graphs are visual displays of quantitative 
data. They lay out, describe, or summarize a 
set of numbers or statistics. Graphs can be 
constructed in many different forms; some of 
the major ones are shown in detail in the 
following pages. In general, good graphs 
have these elements in common, as shown on 
the chart form (page102). 

0 A title desctibes what is portrayed in the 
graph. 

0 The vertical, or Y, axis represents 
frequency- how many times something 
has happened, percentage of something, 
number of dollars, etc. 

0 The horizontal, or X, axis represents 
distribution or division of the data - how 
often something happens (days, weeks, 
months), how many times things happened 
within a particular measure (how many 
data points between 7.34 and 7.45), etc. 
Both the X and Y axes should be clearly 
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Chart Form 
Y 

Collected 

F n= 

r y= a= Good 
e 
9 
” 
e 
n 
c 
Y ! X  

Units 

1 Formula: 1 
TC2 $5 
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The scale used in a graph can be adjusted 
to show the situation, expanded to 
emphasize variables, compressed to show 
control. All graphs should have an 
indication of the total number of data points 
represented, as indicated by n = _. 
If appropriate, the average of the data 
points in a sample is indicated by P = _. 
If there is a “good” direction, it should be 
indicated with an arrow. 
Every graph should indicate: 
- when the data was gathered. 
- where it was gathered. 
- by whom it was gathered. 
- whether it is raw data, a percentage, 

averages. 
- how the data was calculated (a formula) 

Why are graphs useful? 
Because they visually display complex data, 
graphs aid us in understanding and 
interpreting data and in speaking with facts. 

When are graphs used? 
The following matrix shows some of the types 
of graphs used throughout the Qt Process and 
when they are most often used. 
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1 Pie Chart 1 

What Is a pie chart? 
A pie chart is a graphic representation which 
compares relative magnitudes or frequencies. 

Production Delays by Type 
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Why is a pie chart Wed? 
It is used to show the percentage (proportion) 
an item contributes to the total. 

How is a pie chart constructed? 
1. Divide a circle (pie) into a number of 

wedges, so that each wedge represents a 
proportion of the total number of items. 

2. Calculate the proportion of the item by 
dividing the item by the total. For example, 
the proportion for equipment failure shown 
on page 140 is: 

315 - = 0.228 
154.2 

3. Convert the proportions into wedges by 
multiplying the proportions by 360 degrees. 

Example: 228 x 360 I 82 degrees 

4. Starting with the largest wedge, at the 
vertical position and going in the clockwise 
direction, measure off the wedge sizes with 
a protractor. 
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lLine Graph 1 

What is a line graph? 
This graph is another way to visually display 
data for comparison. Specific data points are 
entered by number and then connected by a 
line. 

Why is a line graph useful? 
A line graph sketches an outline of a data 
pattern. It is easy to construct. Analysis of 
the shape of a line graph provides information 
on which areas need future investigation. 

How is a line graph done? 

I. The center of each class interval is labeled 
on the horizontal axis. 

2. A trend line displays some variable over a 
period of time. Here, the display is not of 
frequencies of occurrence, but of variable 
values (vertical axis) over time (horizontal 
axis). 
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When using line graphs in your Ql Story, 
follow these rules: 

a. If using several lines. the solid btack line 
is of greatest emphasis. Dotted l ines 
are used for projecrions only. 

b. If the line graph tracks data over time, 
ensure that the most recent data is 
shown. 

c. If the degree of conformance is above 
80 percent, then track the degree of 
non-conformance, 
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What is a bar 

A bar chart 
compares quantities 
rectangles 
heights proportional 
represented. 
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Why is a bar chart used? 

A bar chart presents a visual representation of 
data, thus making it easier to compare. 

How is a bar chart done? 
On the horizontal (X) axis, show the items or 
things being compared through vertical bars of 
uniform width. On the vertical (Y) axis, show 
the quantities (frequencies of events in 
different tocations. costs of different types of 
breakdowns, etc.) through the height of the 
bars. For a horizontal bar chart, reverse the 
labeling of the axes. 

111 



QI Story 
01 Tools and Technlquas 

Comparison of the Advantages of the Pie, 
Line, and Bar Chart 
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1 Histogram 1 

What is a histogram? 
A histogram, also called a frequency 
distribution, is a visual representation of the 
spread or distribution of data (for example, the 
height, in inches, of 36 employees). 
Information in a histogram is represented by a 
series of rectangles or “bars” of equal width or 
class sizes. The heights of these “bars” 
indicate the relative number of data points in 
each class. 
The number of occurrences (frequency) is 
plotted on the vertical axis, and the data 
groups, or classes, are plotted on the 
horizontal axis. To evaluate a histogram, we 
need to know the central tendency as well as 
the dispersion of the data. 
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Measures of central tendency 

. Mean (average) -The sum of all the 
measured, or counted, data divided by the 
total number of data points; for example, all 
the data points added together equal 2.482 
divided by 36 = 68.9 inches. 

l Mode -The value repeated most often in 
the raw data. In this example it is 70 
inches. If the data is presented as grouped 
frequency like a histogram, we talk about 
modal class instead of the mode. Modal 
class is the class interval with the highest 
frequency. In this example, the modal 
class is 68.5 - 71.5. 

. Median -The middle of all the measured or 
counted data points (if an even number of 
data points, the median will be a fraction); 
for example, in our data of 36 measure- 
ments, the median value is the average of 
the middle values (69 + 70 = 139 divided 
by 2 = 69.5 inches). 
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Measures of dispersion 

l Range -The maximum value minus the 
minimum value. 

. Standard deviation (SD) -A measurement 
that shows how widely spread (dispersed) 
any set of data is from the mean (average) 
of the entire data distribution. The 
standard deviation takes into account all 
the data points. tt is far less sensitive to 
the addition of another data point than is 
the range, so it is a more reliable measure 
of variability. 
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Histogram 

117 

. 
I 



QI story 
QI Tads and Technlpues 

Why is a histogram useful? 

It is not always easy to review a page of mea- 
sured data and be able to recognize patterns 
or analyze what the data is trying lo tell us. A 
histogram can provide information on the 
degree of variation of the data and indicate 
the distribution pattern. Drawing a curve 
around the heights of the bars of a histogram 
gives the general shape. 

Dispersion of the data can produce a wide 
variety of histogram shapes depending on the 
process or subject on which you have col- 
lected data. Some of the more common 
shapes are shown on the following page. 
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l Symmetric (Example A) 
Most values fall toward the center of the 
distribution (central tendency) with the 
variation balanced on both sides of the 
center. An example of such a histogram 
will be discussed under normal 
distributions. 

l Precipiced (Exampte B) 
Most of the values appear on the extreme 
left as shown in Example 8. This type of 
distribution could occur where there is a 
natural barrier or in cases where the data 
has been sorted (products which do not 
meet a particular specification limit 
removed from the data set; or the failure 
rate of components). 

l Skewed (Example C) 
A skewed type has a long tail on one side. 
There is more variation on one side than on 
the other, indicating a shift of some variable 
during the process. 

l Bi-Modal (Example D) 
In a bi-modal (or twin-peaked) type, two 

peaks (two modes) appear. This usually 
occurs when two different data groups are 
mixed (a population of very short people is 
added to a population of extremely tall 
people). In effect, we have two histograms 
pushed together. 
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How is a histogram +Ie? 

To construct a graph, draw horizontal and 
vertical axes. The hokizontal (X-axis) shows 
class intervals; the vertical (Y-axis) shows 
frequencies. Draw a bar to represent the 
frequency of data in each class. The bars 
should be touching. 

Continued on next page 
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When Is a histogram used? 

A Histogram is especially useful in the Current 
Sitrration step of the 01 Story when we want 
an accurate picture of the dispersion or 
spread of the data. 
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What Is a scatter diagram? 
A scatter diagram is a visual tool for showing 
the relationship between two variables (for 
example, speed and gas consumption, or 
hours worked and production output). 
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Why is a scatter diagram useful? 

It shows clearly if there is a relationship, or 
correlation, between the two variables: 

. Positive correlation - as X increases, so 
does Y. 

l Negative correlation - as X increases, Y 
decreases. 

l No correlation - one quantity has no 
particular relation to the other. 

How is a scatter diagram done? 

1. Collect at least 30 sets of paired data (X, 
n 

2. Find the lowest and highest values for X 
and Y. Determine the scales of the axes so 
that they are more or less equal in length. 
but try to have no more than IO gradations. 
(Rule of thumb: between 3 and 10 
gradations.) 
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3. Arrange the axes so that the suspected 
driving factor (independent variable) is on 
the X axis and the one influenced by it 
(dependent variable) is on the Y axis. In 
example 1, showing the relationship 
between inhaled smoke and reduced lung 
capacity, “Smoke Inhalation Level” goes on 
the X axis and “Reduced Lung Capacity” on 
the Y axis, since inhaling smoke causes the 
effect of reducing lung capacity. 

In example 2, the incidence of air toxins is 
decreased as the amount of air filtering 
increases. Air filtering causes a reduction in 
the amount of toxins, so it goes on the X 
axis. 

Example 3 illustrates how the size of a TV 
picture tube (X axis) may cause change in 
the life of a TV picture tube (Y axis). The 
diagram shows no correlation. 
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4. Plot the data on the chart, point by point; 
be sure to make the chart complete with 
the title, date, place, etc. 

5. A correlation analysis of the data can be 
made. The correlation measure or 
coefficient is called ‘7”; “r” can have values 
from -1 .O to + 1 .O. The closer “r” is to +I .O, 
the stronger the positive corretation. 

When Is the scatter diagram used? 

The scatter diagram is probably most useful in 
the Analysis step for further examination of 
the elements isolated in Cause-and-Effect 
Analysis; for example, it may verify a cause 
identified by the lshikawa (Fishbone) Diagram. 
Care needs to be taken in plotting a scatter 
diagram to assure that a valid relationship 
exists. 
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Process Flowcharts 

What is a process flowchart? 

Flowcharts are graphic representations of a 
process, which show us clearly just how the 
process flows. They show a systematic 
sequence of steps for completing a job and 
what groups are involved. 

Why are flowcharts useful? 
- To document or describe an existing 

process 

- To develop modifications to an existing 
process, or to investigate where problems 
might occur 

l To design an entirely new process 

l To identify how, when or where to measure 
an existing process to see if it complies 
with valid requirements 
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What are the Types of Flowcharts? 

A “macro” level flowchart: 
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A “micro” level flowchart: 
Going to Ihe MO&S 
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HOW is a flowchart constructed? 
Think of a process flowchart as a map of 
steps for completing a job. Specific symbols 
are used to indicate certain activities. 

CirCb BOX Diamond Arrow 

One- 
Bwn~np steps. ScuVl- PO,* WheR Th. dlmllon of 
md wuilng llrr vrlthh UN dedr)on* or. ml Irnrn ow 
l *Pwm - nq- Kdvlly to the 
OT wws Mm llex, I” 89qUC”ce 
Ihe PTDcessI n ,a, 

Dotted symbols may be used to indicate 
secondary process flow. (Example: copy of 
processed form returned to originator). 

The first row is used to separate the process 
into areas of responsibility. 
The first column is used to designate general 
steps and their durations. 
Steps should be organized so that each step 
falls under the correct area of responsibility. 
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When is a flowchart used? 
Most Cunent Situation and Standardization 
steps require process flowcharts; however, 
flowcharts can also be used in Reason fur 
Improvement, Analysis, and Countermeasures. 
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What are control charts? 
Control charts are line graphs specifically 
used to track the trend or performance of a 
process over time. This is accomplished by 
observing how the variability within the 
process causes the trend line to fluctuate 
within a pair of statistically calculated limits. 
Control charts illustrate process variability. 

All natural processes are subject to variation. 
Even identical twins are often slightly different 
in height, weight, and looks. But how much 
variation is acceptable and what kinds of 
variation are controllable and, therefore, 
improvable? 

When the fluctuations within the process 
occur in a non-random pattern or go outside a 
control limit, the process is statistically out of 
control. If action is not taken, the process 
stability is uncertain. This indicafes 
opportunities for improvement. 
Control limits are statistically derived from 
samples of a stable process. They are not to 
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be confused with specification limits, which 
are determined by the customer’s valid 
requirements. 
Control Charts can be classified into two main 
application groups, depending on the type of 
data generated from the process. Below is a 
chart summarizing the types of control charts 
that will be discussed on the following pages. 

Types of 
Chat!3 lot 
WrlaD*S 

data 
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Variables Control Charts 

0 p (X-bar), R Chart: This IS a two-part control chart used 
to monitor processes with vanables 
data, The number of Items observed 
at each instance (or subgroup size) 
muslbeatleast2 or atmwt IO. 

Example: Average l ime It takes to drive to work 
each day. Consider a work week of 5 
days as a subgroup. 

The ii chart tracks how the process 
average varies from one point t0 
another, In the example, this will be 
how U M  average drive trme varies 
from week to week The R (or 
Range) chart tracks the variation VIat 
occurs within each sut~roup (the t ime 
difference between each trip to work). 

0 x, RsChart: This chart is used to monitor 
processes with variables data It is 
similar IO the P, R chart, but the 
number of items observed al each 
instance is equal lo 1. In other words. 
the X, Rs chart backs how each 
process data point varies from 
another. 

Example’ The total overtime hours reported per 
month for a department. 
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Attribute Control Charts 
0 pCharl: 

Example: 

0 npcharl: 

Example: 

0 cChart: 

Example: 

0 uChari: 

This is a one-part control chart used 
to chart the progress which generales 
attribute data It is appficabfe tD 
problems which deal with the fraction 
that do not conform to specif&ations. 

Percentage of jobs reworked par 
month 

This is a special type of p chart where 
he number of nonconformances is 
tracked from a foxed sample size at 
each observation pint. 

Number of rejects found in a lot 
inspection with equal sample size at 
each inspection. 

This charf tracks the number of 
nonconlormlties. 

Number of injurles reported in a 
department per month. (Assume 
same number of employees every 
month.) 

This chart tracks the number of 
nonxmformities per unit, where the 
number of unitS varies If the number 
of InjurIes per employee pr month is 
tracked but the number of employees 
changes each month, the u charf 
should be used. 
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Why are control charts useful7 

Control charts are helpful tools to monitor the 
performance of an ongoing process in 
determining answers to the following 
questions: 

1. Is the process in statistical control? 

2. Does action need to be taken to keep the 
process in control? 

3. Does action need to be taken to bring the 
process b&k into control? 

4. Does an opportunity for process or system 
improvement exist? 

5. Have countermeasures improved the 
process? 

What do control charts look like? 

In general, control charts are line graphs in 
which the process is shown as a trend line 
drawn on a chart along with these three lines: 

1. A mean, or central line (CL), represents the 
average value of the process. 
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2. An upper control limit (UCL) drawn at a 
calculated distance above the central tine 
represents the maximum variation that 
could be expected if only normal/common 
causes of variation are present. 

3. A lower control limit (LCL) drawn at a 
calculated distance below the central line 
represents the minimum variation which 
could be expected if only normal/common 
causes of variation are present. 

Below is an example of what a control chart 
may look like: 

The horizontal axis tracks time or sequential 
order, and the vertical axis tracks the factor 
being studied. The average of the process is 
indicated and control limits are added above 
and below the average. 
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How Do We lntarprd Control Charts 7 
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Continued 

4. 

5. 

6. 

Approechlng the center line (huggtng): 

Cycling (perlodlclty): 
hy rep,atd up and down trend is abnarrrul and 
requires mvasbgahm 









Action Plan 
A technique which catalogues everything 
that must be done to ensure a smooth and 
objective trial of a solution or improvement. 

Bar Chart 

A graphic representation which compares 
items in bars of uniform width heights 
proportionate to the quantity being 
represented. 

Barriers and Aids Analysis 

Identifying elements-resisting change 
(barriers) and elements pushing for change 
(aids). (Barriers and Aids Analysis is 
sometimes referred to as “Force Field 
Analysis.“) 

Brainstorming 
A technique designed to encourage 
creative thinking; used to generate ideas 
quickly. 

Checklist 
A list of items or steps. 

145 



Glossary 

Checksheet 
One of the seven basic QC tools. A form 
on which data is collected systematically 
and recorded in a uniform manner. 

Control Chart 
One of the seven basic QC tools, the 
Control Chart is a special type of line graph 
specifically used to track the trend or 
performance of a process over time. 

Cost Estimation 
Technique used to determine the dollar 
impact of problems and countermeasures. 

Countermeasures Matrix 
A matrix of factors to help show the 
relationship between effect, root causes 
and countermeasures. It also helps the 
team to evaluate which countermeasures 
should be implemented. 

Data 
Any facts the team gathers; can be in the 
form of numbers, words or pictures. 
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Fishbone 
A diagram used to relate cause and effect 
to help determine possible root causes; 
sometimes called lshikawa diagram. 

Graph 
One of the seven basic QC tools. Graphs 
(pie, line, bar) are visual displays of 
quantitative data which help us speak with 
facts. 

Histogram 
A visual display of the information pre- 
sented in a frequency distribution. A series 
of rectangles or bars proportionate in 
height to frequency of a particular class. 
Rectangles are of equal width. 

lshikawa (Fishbone) Diagram 

One of the seven basic QC tools. A way to 
visually isolate an effect and to diagram 
possible related causes; can be used to 
identify the potential root causes of 
problems. (This tool was developed by Dr. 
Kaoru Ishikawa.) 
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Multivoting 
Method of voting to help reduce a large 
number of items to a manageable few. 

P-D-C-A 
Plan-Do-Check-Act Cycle of continuous 
improvement. 

Pareto Chart 
Type of bar chart which indicates what 
major factors affect the subject being ana- 
lyzed. 

Problem 
An undesired condition; a deviation from 
valid requirements. 

Problem-solving Process 
A systematic approach to problem-solving 
which uses seven specific steps. 

Problem Statement 
Describes in specific terms what is wrong 
or an undesirable situation. 

QC 
Quality control; the use of statistical tools to 
analyze data. 
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Quality in Daily Work 
The application of Plan-Do-Check-Act 
(P-D-C-A) philosophy to activities neces- 
sary to meet the needs and reasonable 
expectations of customers. 

QI 
Quality Improvement. 

al story 
A storyboard structure to help illustrate the 
steps to be taken by a team in the problem- 
solving process. It provides a standard 
way of communicating team progress. 

Quality 
Satisfying the needs of the customer 
through conformance to valid requirements. 

Quality Indicator 
Measurement of the degree and/or 
frequency of conformance to valid 
requirements. 

Root Cause 
The major stimulus behind the undesired 
condition. 
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Scatter Diagram 
A visual technique for investigating the 
possibility of a causal relationship between 
two variables. 

Stratification 
The breaking down of data into smaller 
related sub-groupings. 

TQM 
Total Quality Management, a more compre- 
hensive term than Quality Improvement. 
TQM is a way of ensuring customer 
satisfaction through the involvement of all 
employees in reliably producing and 
delivering a quality product. 

Theme Selection Matrix 
A matrix which helps the team to select a 
theme on which to begin gathering data. It 
allows the team to rank its themes consid- 
ering the impact on the customer and the 
need to improve. 

Tracking 
A process to observe or monitor the steps 
or phases of an action plan to determine if 
desired results are obtained. 



Valid Requirements 
Specifications or standards which define 
the customer’s expectations of a product or 
service. 
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